We assess whether the long-run volatilities of Bitcoin, global equities, commodities, and bonds are affected by global economic policy uncertainty. Empirical results provide evidence supporting that, except for the case of bonds. We further examine whether the correlation between Bitcoin and global equities, commodities, and bonds are affected by global economic policy uncertainty and the results reveal that global economic policy uncertainty has a negative significant impact on the Bitcoin-bonds correlation, and a positive impact on both Bitcoin-equities and Bitcoin-commodities correlations, suggesting a possibility for Bitcoin to act as a hedge under specific * The authors would like to thank Professor Honghai Yu for many helpful comments, and Sifan Ding for excellent research assistance. # Corresponding author.
Introduction
Proposed as an alternative to the fiat currencies, Bitcoin is a decentralized digital currency independent from sovereign governments, centralized institutions, and banking systems, and is often seen as a remedy to the ineffectiveness of standard economic and financial structures (Demir et al., 2018) . In times of economic unrest and weak trust, the appeal of Bitcoin among investors and practitioners increases, making Bitcoin to shine (Bouri et al., 2017b; Luther and Salter, 2017; Demir et al., 2018) .
Many methods have been used to study the relationship between Bitcoin and conventional assets, such as vector autoregressive models (Ciaian et al., 2016) , regression analysis (Bouri et al., 2017; Baur et al., 2018) , autoregressive distributed lag (Ciaian et al., 2016) , wavelet coherence (Kristoufek, 2015) , unconditional connectedness in the time-frequency domain (Corbet et al., 2018b) , directed acyclic graph approach (Ji et al., 2018) , univariate GARCH models (Dyhrberg, 2016) , and multivariate GARCH models (Bouri et al., 2017; Guesmi et al., 2018) . Most of those studies indicate that Bitcoin is very weakly correlated with conventional assets such as equities, bonds, and commodities (e.g., Bouri et al., 2017a; Baur et al., 2018; Corbet et al., 2018b; Guesmi et al., 2018; Ji et al., 2018) , suggesting significant benefits for portfolio diversification and risk management (Brière et al., 2015; Bouri et al., 2017; Guesmi et al., 2018) . In fact, since Bitcoin seems to behave independently 1 from economic and financial developments (e.g., Kristoufek, 2015; Polasik et al., 2015) , it can act as a hedge (Bouri et al., 2017a; Guesmi et al., 2018) .
Interestingly, Ciaian et al. (2016) find a significant role for macro-financial development (measured by the Dow Jones Index, exchange rate and crude oil price) in driving Bitcoin price in the short-run, while that role is insignificant in in long-run.
Recently, Demir et al. (2018) indicate that Economic Policy Uncertainty (EPU) can be used to predict Bitcoin returns 2 , arguing that an increase in economic policy uncertainties makes the trust of investors in the global financial system and conventional currencies to decrease, and subsequently the attractiveness of Bitcoin to increase. Demir et al. (2018) suggest the need for policy-makers and investors to have a close eye on the effect of uncertainties in economic policies on Bitcoin returns.
While the above discussion shows that the relationship between Bitcoin and each of EPU, stocks, bonds, and commodities are somewhat explored, the related literature lacks a clear understanding of the influences determining the short-run and long-run relationships between Bitcoin and other financial assets contingent on a measure of macroeconomic uncertainty, such as EPU.
This paper complements the above lines of research by examining whether EPU affects the correlation between Bitcoin and conventional assets using a different model, called the DCC-MIDAS approach (Colacito et al., 2011) . The idea behind DCC-MIDAS is to (1) decompose the Bitcoin-conventional assets correlation into 1 Compared to conventional assets, Bitcoin is exposed and determined by a unique set of non-financial and non-economic variables that include social sentiment (Kristoufek, 2015; Bouoiyour and Selmi, 2015; Polasik et al., 2015) , energy prices (Hayes, 2017) , user anonymity (Ober et al., 2013) , computer programming enthusiasts (Yelowitz and Wilson, 2015) . 2 Demir et al. (2018) build on the work of Bouri et al. (2017b) that showed the ability of Bitcoin to hedge global uncertainty, as measured by the first principal component of the implied volatility indices of 14 developed and developing stock markets.
long-and short-run components and (2) combine daily Bitcoin and financial assets returns with a monthly EPU index 3 . By allowing both long-and short-run correlations to be affected by EPU, we can also make inferences on the (out-of-sample) hedging effectiveness of Bitcoin against conventional assets depending on the effect of EPU on those correlations. Such an examination would add to the standard literature that generally makes inferences on the hedging ability of Bitcoin by measuring directly the correlation between Bitcoin and conventional assets (Bouri et al., 2017a; Baur et al., 2018; Corbet et al., 2018b; Guesmi et al., 2018; Ji et al., 2018) . Furthermore, the examination would provide useful implications to investors and practitioners, especially in assessing the hedging effectiveness of Bitcoin against conventional assets depending on the effect of EPU and in improving the efficiency of asset allocation between Bitcoin and financial assets depending on the effect of EPU. This is important because a more accurate estimation of relationships between Bitcoin and financial assets depending on the level of EPU is crucial for the construction of a diversified portfolios and in managing risk. For example, periods of negative correlation (uncorrelation) between the prices of Bitcoin and financial assets offer an opportunity for optimizing portfolio and hedging strategies depending on whether the level of EPU is high, medium, or low. In fact, the literature generally argues that an increase in EPU may positively influence commodities (Shahzad et al., 2017; Yin and Han, 2014) , bonds (Ioannidis and Ka, 2018) , and Bitcoin (Demir et al., 2018) , as these three assets possess some hedging properties.
The positive effect of EPU on Bitcoin-commodities (Bitcoin-bonds) correlation implies that Bitcoin will serve as a hedge when the level of EPU is low and when the Bitcoin-commodities (Bitcoin-bonds) correlation is negative. However, when the level of EPU is high, Bitcoin might not serve as a good hedge. As for the negative effect of EPU on Bitcoin-stock correlation and given an increase in EPU can 3 As argued by Colacito et al. (2011) Bitcoin increased slightly after incorporating EPU (for both MSCI and PIMCO).
The rest of the paper continues as follows. Section 2 provides a review of the literature on the hedging ability of Bitcoin against conventional assets, especially stocks. Section 3 describes the data and methods. Section 4 presents and discusses the empirical results. Finally, section 5 concludes.
Related studies
Since The debate on Bitcoin continues to ascent with some evidence on its speculative nature (Cheah and Fry, 2015; Baur et al., 2018) , bubble formation (Cheah and Fry, 2015; Bouri et al., 2018; Corbet et al. 2018a) , high price volatility (Molnár et al., 2015) , mounting regulatory scrutiny and market manipulation (Gandal et al., 2018) 4 , cyber-attacks, and exchange security flaws. Some other studies try to raise awareness 4 https://hackernoon.com/breaking-news-bitcoin-market-manipulation-detected-by-artificial-intelligence -a4534b7be369 among practitioners of the possibility for Bitcoin to be part of money laundering (Moser et al., 2013) or even Ponzi schemes (Vasek and Moore, 2015) . While other studies consider Bit coin to be a medium of exchange but weakly related to global macroeconomic aggregates (e.g., Polasik et al., 2015) . Interestingly, the meteoric price appreciation of Bitcoin made its total market value to reach more than $216 billion at the end of December 2017 (https://coinmarketcap.com/).
Importantly, a stream of research that continues to attract the attention of scholars and experts is the ability of Bitcoin to diversify/hedge the downside risk of financial assets. Using univariate GRACH models, Dyhrberg (2016) shows that Bitcoin can serve as a hedge for both the FTSE 100 and the US dollar. Bouri et al.
(2017a) use a DCC-GRACH model and a regression analysis based on quantile dummies to indicate that Bitcoin can diversify extreme down movements in equity returns. Using a quite similar method, Baur et al. (2018) show evidence that Bitcoin is weakly correlated with equities suggesting a diversification ability in both in normal and stress periods, and that despite claims by the authors that Bitcoin is "mainly used as a speculative investment and not as an alternative currency and medium of exchange". Using a multivariate GARCH model, Guesmi et al. (2018) show that Bitcoin has a hedging potential for different financial assets, including equities.
Similar results were reported by Ji et al. (2018) who use a graph theory approach and variance decomposition measures. Corbet et al. (2018b) use connectedness measures in the time and frequency domains and provide evidence similar to that found in the above-mentioned studies, i.e., Bitcoin is mostly independent from the global financial system and conventional assets and thus can offer diversification benefits. However, Klein et al. (2018) apply a combination of methods and find that the conditional variance properties of Bitcoin are different from those of Gold. In particular, Bitcoin appears to move in tandem with downward stock markets. A portfolio analysis show that Bitcoin has unstable hedging capabilities.
Scholars often look at the direct correlation between Bitcoin and conventional assets such as stocks, commodities, and bonds and report evidence of very weak correlation (Bouri et al., 2017a; Baur et al., 2018; Corbet et al., 2018b; Guesmi et al., 2018; Ji et al., 2018) . Bitcoin is mostly isolated from economic and financial variables, probably due to the unique factors that determine its prices such as social sentiment (Kristoufek, 2015; Bouoiyour and Selmi, 2015) , ratio of exchange-trade volume and the hash rate (Bouoiyour and Selmi, 2015) , energy prices (Hayes, 2017) , user anonymity (Ober et al., 2013) , computer programming enthusiasts (Yelowitz and Wilson, 2015) , technology (Li and Wang, 2017) , cyber-attacks (Böhme et al., 2015) , increased stock market uncertainty (Bouri et al., 2017b) , and economic policy uncertainty (Demir et al., 2018) .
However, there is still a lack of understanding of the long-run and short-run relationships between Bitcoin and financial assets related to macroeconomic variables such as EPU. In a related point, it is unclear whether the hedging effectiveness of
Bitcoin is affected by the state of EPU. To address these issues, GARCH-MIDAS (Engle et al., 2013) and its extension the DCC-MIDAS (Colacito et al., 2011 ) appear as suitable modelling frameworks. These components models have been widely used in the finance literature. They attracted the interest of scholars due to their ability to decompose the correlation between assets into long-and short-run components, which are generally linked to macroeconomic sources, and combine data from different levels of frequencies.
Data and methods

Data
This study uses daily and weekly data. Daily data are expressed in USD and include the closing levels of Bitcoin, global equities, commodities, and bonds, measured respectively by the CoinDesk Bitcoin Price Index, the MSCI world stock index, the S&P GSCI Commodity index, and the PIMCO Investment-Grade
Corporate Bonds index (Ji et al., 2018) . Data for Bitcoin price are collected from www.coindesk.com/price, whereas the rest of data are extracted from DataStream.
Regarding uncertainty data, we use the monthly index of global economic policy uncertainty (GEPU), which is based on the work of Baker et al., (2016) , and collected from http://www.policyuncertainty.com/global_monthly.html. 5 The GEPU Index is a (PPP-adjusted) GDP-weighted average of national EPU indices for 20 countries:
Australia, Brazil, Canada, Chile, China, France, Germany, Greece, India, Ireland, Italy, Japan, Mexico, the Netherlands, Russia, South Korea, Spain, Sweden, the United Kingdom, and the United States. Note that, each national EPU index reflects the relative frequency of own-country newspaper articles that contain a trio of terms pertaining to the economy (E), policy (P) and uncertainty (U).
The sample period starts at 21 September 2010, as depicted by the availability of the PIMCO index, and ends at 26 January 2018. The empirical analyses are conducted with the log-return series, barring the GEPU, which is in its raw level-form given that it is stationary. Table A1 in the Appendix provides the summary statistics.
Bitcoin has the highest mean and standard deviation. MSCI World, S&P GSCI, and PIMCO are negatively skewed. All return series, along with the GEPU, are non-normally distributed as indicated by the Jarque-Bera statistics.
GARCH-MIDAS model
To directly investigate how long-run bitcoin, MSCI, S&P GSCI, and PIMCO index volatility evolves along with the GEPU (Global Economic Policy Uncertainty),
we rely on the GARCH-MIDAS model proposed by Engle et al. (2013) . In our approach, the long-term volatility is modeled on the basis of the lagged GEPU and a MIDAS polynomial that applies to monthly GEPU. The GARCH-MIDAS model is specified as follows: 
where K is the number of periods over which we smooth the volatility.
To study the impact of GEPU on the return variance, we extend Equation (3) by introducing GEPU and RV, , ,
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where
represents the change in GEPU, defined as the difference of logarithms of GEPU. The weighting scheme in specification (4) comprises the so-called beta weights defined by
Equations (1) , , , , , ,
Finally, the total conditional variance is defined as:
Estimation of models
As shown in Equations 3-4, and instead of using a single model specification, as 
DCC-MIDAS model
The DCC-MIDAS model of Colacito et al. (2011) (1 a b) ij
where , 
Hedging Performance
Now, we consider whether the incorporation of GEPU improve the hedging performance of Bitcoin with the three indices (MSCI, GSCI and PIMCO). 
Empirical results
In subsection 
Impact of GEPU on long-run volatility
Long term correlation between Bitcoin and the other indices
We first examine the long-term correlation based on the realized correlation (RC), without adding exogenous variables (i.e. RV and GEPU). The Columns 1-3 in Table 3 show the DCC-MIDAS dynamic model parameter estimates of Bitcoin and the other indices (MSCI, S&P GSCI and PIMCO). v m reflects how the Bitcoin-X 7 correlation responds to RC shocks. We find a statistically significant positive v m in Column 1, suggesting that the impact of RC is specified. As for the impact of RC in the other cases (Columns 2 and 3), it is insignificant. Then, we subsequently estimate the DCC-MIDAS-RV-GEPU parameters by incorporating monthly RV and GEPU into long-term correlation. As shown in Columns 4-6 of Table 3 
Hedging performance
We study whether the addition of GEPU can improve the hedging performance of Bitcoin. To this end, we substitute the covariance matrix, calculated by the DCC-MIDAS and DCC-MIDAS-GEPU, into equation (8), and then calculate the optimal hedge ratio. Results from Table 4 show that the hedging performance 8 of Bitcoin increased after incorporating GEPU (for both MSCI and PIMCO), but its effect is less than 1%. It is clear that the incorporation of GEPU can slightly reduce the portfolio risk and improve the effectiveness of hedging of Bit coin for both MSCI and PIMCO, which is not the case for S&P GSCI. This may be because the correlation between Bitcoin and commodity index is relatively low, and the hedging effect between the two assets is not substantial. In addition, the PICMO bond index has the best hedging improvement, probably because the correlation between Bitcoin and PICMO is relatively higher than that for the stock market and commodity index and because GEPU fits appropriately the dynamic correlation coefficient. Finally, the hedging performance for all the three indices (MSCI, S&P GSCI, PIMCO) improves less than 1%, We argue that Bitcoin, as digital currency, is considerably affected by network sentiment and is thus very different from the other assets under study. In light of the above and although GEPU can improve the correlation prediction, the correlation is still low, and the hedging effect is not considerable.
All in all, the above results seem to be affected by the high volatility of Bitcoin that is generally driven much more by the traders' attention and speculative sentiment compared to the global economic uncertainty. This finding partially contradicts with that of Demir et al. (2018) . However, the findings also suggest that the volatility of global stock and bond indices are more linked to the state of global economic uncertainty rather than to the driving factors of Bitcoin. Therefore, the impact of GEPU on the hedging performance of Bitcoin was found to be small.
Concluding remarks
We extend the related literature on the hedging ability of Bitcoin against conventional assets by examining the impact of global economic policy uncertainty on the long-run correlation between Bitcoin and global equities, commodities, and bonds as well as on Bit coin hedging effectiveness.
Empirical results are summarized as follows. The application of GARCH-MIDAS models shows that the long-term volatility of Bitcoin, MSCI, and S&P GSCI are significantly affected by EPU, although the effect on the long-run volatility of Bitcoin is different as compared to MCSI and PIMCO. The application of the DCC-MIDAS reveals that the GEPU has a negative significant impact on the Bitcoin-PIMCO correlation, and a positive impact on both Bitcoin-MSCI and Bitcoin-GSCI correlations, suggesting a possibility for Bitcoin to act as a hedge under specific economic uncertainty conditions. Further analysis shows that the hedging effectiveness of Bitcoin for both MSCI and PIMCO increased slightly after accounting for the impact of GEPU.
While the above findings add to that of Bouri et al. (2017b) , Demir et al. (2018) and Guesmi et al. (2018) 
